A lanthanide borosilicate, trineodymium borosilicate or Nd 3 BSi 2 O 10 , was synthesized using a flux method with LiCl, and its structure was determined from X-ray powder diffraction (XRD) and electron probe microanalysis (EPMA 
Chemical context
Lanthanide borosilicates (i.e. Ln 3 BSi 2 O 10 ) crystallize as one of the major phases within the residual glass matrix in some formulations of the glass-ceramic waste form for treatment of raffinate high-level waste (Crum et al., 2012 (Crum et al., , 2014 (Crum et al., , 2016 . Studies on the crystal chemistry and crystallization mechanism of lanthanide borosilicates are important in understanding the formation and durability of crystalline phases in the glassceramic waste forms (Crum et al., 2012 (Crum et al., , 2014 (Crum et al., , 2016 . In this work, we report the synthesis method and crystal structure of Nd 3 BSi 2 O 10 solved by powder XRD and EPMA analysis.
Different compositions of lanthanide borosilicates including LnBSiO 5 (Ln = La, Ce, Pr, Nd, Sm; McAndrew & Scott, 1955; Neumann et al., 1966; Nekrasov & Nekrasova, 1971; Voronkov & Pyatenko, 1967; Burns et al., 1993; Chi et al., 1997; Shi et al., 1997) , Ln 5 Si 2 BO 13 (Ln = La, Eu, Gd, Dy; Mazza et al., 2000; Yuan et al., 2007; Naidu et al., 2010) , and Ln 3 BSi 2 O 10 (Ln = La, Ce, Pr, Nd, Sm, Eu, Gd, Tb; Chi et al., 1996a,b; Mü ller-Bunz & Schleid, 1998; Chi et al., 1998 , Shvanskii et al., 2000 Mü ller-Bunz et al., 2001; Brä uchle & Huppertz, 2015) have been reported in the literature. LnBSiO 5 has the stillwellite structure containing single or mixed lanthanide cations with infinite helical chains composed of six-membered rings formed by two [BO 4 ] 5À and one [SiO 4 ] 4À tetrahedral units (Chi et al., 1997; Burns et al., 1993; Voronkov & Pyatenko, 1967; Shi et al., 1997) . Ln 5 Si 2 BO 13 has an apatite-like structure in which the non-tetrahedral cation sites are occupied by trivalent rare-earth cations, and B and Si occupy the same tetrahedral site (Mazza et al., 2000) . (Chi et al., 1996a ,b, 1998 , Braeuchle & Huppertz, 2015 Shvanskii et al., 2000; Mü ller-Bunz et al., 2001) . 4À anions are arranged alternately along the c axis (Fig. 2) . The Nd cations occupy the interlayer sites between the anion units. Nd1 and Nd3 are coordinated by eight oxygen atoms with average <Nd1-O> and <Nd3-O> distances of 2.477 and 2.520 Å , respectively, and Nd2 is coordinated by nine oxygen atoms with an average <Nd2-O> distance of 2.575 Å (Fig. 1b) . In our previous paper (Kroll et al., 2019) , we summarized the crystallographic data from the literature on other Ln 3 BSi 2 O 10 chemistries (Braeuchle & Huppertz, 2015; Chi et al., 1996a Chi et al., ,b, 1998 Mü ller-Bunz et al., 2001; Shvanskii et al., 2000) as a function of the ionic crystal radii (r c ) for the VIII-coordinated Ln 3+ constituent according to Shannon (1976) to create predictive models for the unit-cell parameters (i.e., a, b, and c), cell volume, and cell density. ). Detailed atomic coordinates, bond lengths, and angles are given in Tables S1 and S2 in the supporting information.
Structural commentary

Synthesis and crystallization
Nd 3 BSi 2 O 10 was synthesized by a LiCl flux method; more details are provided elsewhere (Kroll et al., 2019) . Powdered B 2 O 3 was placed into a Pt-10%Rh crucible, melted at 1273 K in air to dehydrate fully and quenched on an Inconel plate. Appropriate amounts of Nd 2 O 3 , SiO 2 , and B 2 O 3 were mixed in an agate mortar and pestle. LiCl was dried at 378 K for several hours and mixed with oxides in a 1:1 ratio by mass in a Diamonite TM mortar and pestle. Mixed powder was placed into a fused quartz tube, covered with a quartz lid, heated to 1173 K at 5 K min
À1
, held for 24 h at 1173 K, and then cooled down to room temperature at 1 K min
. The Nd 3 BSi 2 O 10 was recovered from the LiCl through vacuum filtration with several rinsing steps using deionized water and a Bü chner funnel. The recovered heat-treated powder was ground finer in the mortar and pestle and pressed into a 20 mm diameter pellet using a cold press with 110 MPa. The pellet was sintered at 1373 K. The heating condition included ramping up at 2 K min À1 to 1373 K, dwelling for 4 h, and cooling to room temperature at 2 K min
. The heat-treated pellet, which was blue-violet in color, was ground for XRD and EPMA. Two EPMA measurements were performed on the sample to verify the composition of the crystal and showed that it closely matches the calculated value (Fig. 3) .
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . A Rietveld plot is shown in Fig. 4 . The structure of Nd 3 BSi 2 O 10 was determined using Rietveld refinement on the initial model with a similar chemistry and structure using TOPAS (version 4.2; Bruker, 2009) . Based on the fitting of peak positions and profile of experimental XRD patterns to a reference pattern, Ce 3 BSi 2 O 10 (ICSD 94423) was used as a starting model. The Ce atoms in ICSD 94423 were replaced with Nd atoms, and all the atomic positions for Nd, B, Si, and O were refined. The profile of the model was refined from 14.5 to avoid a hump around 13.5 in the fitting of the background resulting from an instrumental artifact. The displacement parameters (B eq ) were not refined and fixed to 1 Å 2 to avoid divergence and unreasonable error values. In addition, parameters for unit cell, scale factors, microstructure effects, and preferred orientation with spherical harmonic function (Jä rvinen, 1993) were refined, and the background was fitted with a Chebychev polynomial. Observed, calculated, and difference XRD profiles of Nd 3 BSi 2 O 10 . (Momma & Izumi, 2011) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
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